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Section 01 Federated Learning



 Privacy Protection

 Distributed Framework

 Data Shift of Isolated Sources

 Local Limited Calculations

 Communication Bottleneck

Preliminaries – Federated Learning



Preliminaries – Problem Setup

min 𝑓 𝑤 = 𝛴𝑖 𝑝𝑖𝑓𝑖 𝑤 ,

min 𝑓 𝑤 = 𝛴𝑖 𝑝𝑖𝑓𝑖 𝑤𝑖 , 𝑠. 𝑡. 𝑤𝑖 = 𝑤.

Where 𝑓𝑖 𝑤𝑖 = 𝐸 𝑥𝑖~𝐷𝑖
𝑓 𝑤𝑖; 𝑥𝑖  is the ERM loss.

Two main difficulties:

1. Equality constraints : 𝑥𝑖 obeys different distribution 𝐷𝑖.
2. Resource constraints: limited capacity for computation and 

communication.



Preliminaries – FedAvg

[𝑛]: selected active clients. [𝑚]: total clients.
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FedSAM Method [1] ---- Preliminaries

𝑚𝑖𝑛𝑤 𝑓 𝑤 = σ𝑘=0
𝑛 𝑝𝑖𝑓𝑆 𝑤𝑖 ,

where 𝑓𝑆 𝑤𝑖 = 𝑚𝑎𝑥𝑠𝑖 𝑓𝑖 𝑤𝑖 + 𝑠𝑖  is the local SAM objective [2]

Each local client could achieve a flat optimum with higher 

generalization performance

[1] Generalized Federated Learning via Sharpness Aware Minimization

[2] Sharpness-Aware Minimization for Efficiently Improving Generalization



FedSAM Method ---- Challenges

1. Each local optimum is smooth

2. Averaged optimum is smooth

1. Each local optimum is smooth

2. Averaged optimum is STILL SHARP
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FedSMOO Method ---- Preliminaries

𝑚𝑖𝑛𝑤𝑖=𝑤
𝑠𝑖=𝑠

𝑓 𝑤 = σ𝑖=0
𝑛 𝑝𝑖𝑓𝑆 𝑤𝑖 ,

where 𝑓𝑆 𝑤𝑖 = 𝑚𝑎𝑥𝑠𝑖=𝑠 𝑓𝑖 𝑤𝑖 + 𝑠𝑖  is the global SAM objective 

with consistent local optimum 𝑤𝑖 and perturbation 𝑠𝑖

Each local client could achieve a CONSISTENT flat optimum 

with higher generalization performance



FedSMOO Method ---- ADMM Solution

Lagrangian 

𝑳 𝑤,𝑤𝑖 = 𝛴𝑖 { 𝑝𝑖𝑓𝑆 𝑤𝑖 + 𝜆𝑖 , 𝑤𝑖 −𝑤 + ⟨𝜇𝑖 , 𝑠𝑖 − 𝑠⟩

+
1

2𝛽
‖𝑤𝑖 − 𝑤‖2 +

1

2𝛼
‖𝑠𝑖 − 𝑠‖2}

consistent

local models 

consistent

local perturbation 

Double Iterations:

1. Inner: solve the approximation for the maximization in SAM.

2. Outer: solve the minimization



FedSMOO Method ---- ADMM Solution

Re-approximate Local SAM 

𝑠′𝑖 = 𝑎𝑟𝑔𝑚𝑎𝑥𝑠𝑖<𝑟
1

2𝛼
‖𝑠𝑖 − 𝑠′‖2, 𝑤ℎ𝑒𝑟𝑒 𝑠′ = 𝛼(𝑔𝑖,𝑘 − 𝜇𝑖) − 𝑠

𝜇𝑖 = 𝜇𝑖 +
1

2𝛼
𝑠′𝑖 − 𝑠′

𝑠 ∗ = 𝑎𝑟𝑔𝑚𝑎𝑥𝑠<𝑟
1

2𝛼

1

𝑚
σ𝑖=0
𝑛 ‖𝑠 +𝛼𝜇𝑖 − 𝑠′𝑖‖

2

ADMM for Solving FL Objective [3]

𝑤𝑖 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑤𝑖
𝑓𝑆 𝑤𝑖 + 𝜆𝑖 , 𝑤𝑖 − 𝑤 +

1

2𝛽
‖𝑤𝑖 −𝑤‖2

𝜆𝑖 = 𝜆𝑖 −
1

2𝛼
𝑤𝑖 −𝑤

𝑤 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑤
1

2𝛽

1

𝑚
σ𝑖=0
𝑛 𝜆𝑖 , 𝑤𝑖 −𝑤 + ‖𝑤 −𝑤𝑖‖

2

[3] Federated Learning Based on Dynamic Regularization



FedSMOO Method ---- Theoretical Analysis

(Convergence) Let f  be the L-smooth non-convex function, m be the number of  total clients, n be the number of  partial 

active clients, 𝑟 ≤
4𝜅

𝑛𝑇
 where 𝜅 is a constant, β≤

𝑛

6 6𝑚𝐿
, the averaged model 𝑤 = σ𝑖=0

𝑛 𝑤𝑖 satisfies:

1

𝑇
σ𝑖=0
𝑇−1𝐸| ▽ 𝑓(𝑤𝑡) |2 ≤

1

c𝛽𝑇
𝜅𝑓 +

1

𝑛
3β𝐿𝜅𝑟 +

𝑚

𝑛
72β2𝐿2𝛿0 ,

where c is a constant in (0,0.5), 𝜅𝑓 = 𝑓 𝑤1 − 𝑓∗, 𝛿0 =
1

𝑚
σ𝑖=1
𝑚 𝐸| 𝑤𝑖 − 𝑤1 |2 is the consistency on the first round.

(Generalization) Let f  be a non-convex function with d parameters per layer of  total 𝐿𝑙 layer, the input sample ε be 

normalized by the norm of 𝐿𝑛 with the size of  D, using a positive value p and error e, with the probability of  at least 1-p, 

the empirical generalization risk on global parameters w is:

𝐺𝑓 ≤ ෨𝐺𝑒
𝑓
+ 𝑂(

𝐿𝑙
2𝐿𝑛

2𝑑 ln൫𝑑𝐿𝑙)𝑉𝐿+ln
𝐿𝑙𝐷

𝑝

𝐷−1 𝑒2
),

where ෨𝐺𝑒
𝑓

is the empirical estimate of  the above expected margin loss and 𝑉𝐿 = 𝛱𝐿=1
𝐿 𝑤𝐿

2𝛴𝑙=1
𝐿 𝑤𝑙 𝐹

2

𝑤𝑙
2.
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FedSMOO – Experiments 



FedSMOO – Experiments 



FedSMOO – Discussions 

Main difficulties in the FL:

(1) Local consistency (Equality constraint 𝑤 = 𝑤𝑖).

(2) Local over-fitting on the small dataset (Higher generalization).

(3) Efficient local optimizer design (Generalization-efficiency).
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